A 5781-base pair (bp) fragment of genomic DNA from the Taiwanese abalone herpesvirus was obtained and showed 99% (5767/5779) homology in the nucleotide sequence and 99% (1923/1926) in the amino acid sequence with the DNA polymerase gene of the abalone herpesvirus strain Victoria/AUS/2007. Homology of the amino acid sequence with the DNA polymerase of ostreid herpesvirus 1 was 30% (563/1856). In this study, a PCR-based procedure for detecting herpesvirus infection of abalone, Haliotis diversicolor supertexta, in Taiwan was developed. The method employed primer sets targeting the viral DNA polymerase gene, and was able to amplify DNA fragments of the expected size from infected samples. Primer sets of 40f and 146r were designed for amplification of an expected PCR product of 606 bp. Combining the new PCR protocol with histopathology, this assay can serve as a reliable diagnostic for herpesvirus infections in abalone.
Introduction 39
Herpesvirus infections have been reported in various marine bivalve 40 molluscs worldwide since the early 1990s. The first description of a virus 41 morphologically similar to members of the Herpesvirales (Davison et al., 2009 ) 42 in a bivalve mollusk was in the eastern oyster, Crassostrea virginica in 1972 43 (Farley et al., 1972) . A wide host range was then reported for herpesvirus 44 infections in bivalves including various species of oysters, clams, and scallops 45 (Renault and Novoa, 2004 ; Renault, 2008 ; Burge et al., 2011) . Mortality of 46 abalone (molluscan genus Haliotis) associated with herpes-like viral 47 pathogens has been reported in several species and subspecies including H. 48 discus discus (Otsu and Sasaki, 1997; Nakatsugawa et al., 1999) , H. discus 49 hannai (Wang and Li, 1997), H. diversicolor Reeve (Wang et al., 2000) , H. 50 diversicolor aquatilis (Song et al., 2000) , and H. diversicolor supertexta (Zhang 51 et al., 2001) . Recent outbreaks of infection with a herpesvirus, Haliotis 52 herpesvirus (AbHV) that induced acute and high mortality were described in 53 cultured abalone, H. diversicolor supertexta, in Taiwan (Chang et al., 2005) . A 54 herpesvirus identified as Haliotis herpesvirus 1 (AbHV-1) also induced 55 mortality in abalone including blacklip abalone H. rubra, greenlip abalone H. 56 laeviga, and their hybrids in Australia. However, clinical signs of Australian 57 7 discontinuous sucrose gradient composed of five fractions, of 60%, 50%, 40%, 115 30%, and 10% sucrose (w/v), prepared in seawater followed by 116 ultracentrifugation at 112,398 xg (25,000 rpm using an SW28 rotor, Beckman, 117
Brea, California, USA) for 1 h at 4 °C. Fractions (1~2 ml) were collected at 118 each interface, and each corresponding fractions were pooled from different 119 gradient tubes. Fractions were diluted four times by adding seawater in a 120 drop-wise manner, and the virus was pelleted at 300,000 xg for 90 min (Le 121 Deuff and Renault, 1999) . DNA from the virus pellets was extracted using a 122
QIAamp Stool Mini Kit (QIAgen, Hilden, Germany) following the manufacturer's 123 instructions. A portion of the purified virus pellets (100 μL) was centrifuged at 124 100,000 xg for 10 min, negatively stained with 2% phosphotungstic acid and 125 examined with electron microscopy (Hitachi, HF-3300, Tokyo, Japan) (Bozzola 126 and Russell, 1992 Primer3. Primers of 40f (5'-TCCATCGAGATTCCCAGTTC-3') and 146r 141 (5'-ACGCCACCCTGTATAACGAG-3') were expected to yield a 606 bp PCR 142 product. PCR amplification was performed as described by Renault et al., 143 (2000) . A 50-μl reaction mixture was prepared with 5 μl of 10x PCR buffer (10 144 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl 2 , and 0.001% w/v gelatin), 400 µM 145 dNTPs, 5 µM tetramethylammonium chloride, 40 pmoles of each primer, 2 µl 146 purified DNA, and 2 U of Taq polymerase, and was brought up to volume with 147 sterile distilled water. PCR amplification was performed in a thermocycler 148 (PTC-100, MJ Research, Alameda, CA , USA) with an initial denaturation step 149 of 94 °C for 2 min, followed by 35 cycles of 1 min of denaturation at 94 °C, 1 150 min of annealing at 52 °C, and a 1-min extension at 72 °C, followed by 151 incubation for 5 min at 72 °C. Control PCRs without a template were used to 152 9 test for cross-contamination. All reactions were tested in triplicate. Amplified 153 fragments were separated using a 1% agarose gel and visualized with UV 154 illumination after staining with ethidium bromide. The presence of amplifiable 155 DNA was confirmed in all negative samples using 18S ribosomal RNA gene 156 primers kindly supplied by Dr. Mark Crane (CSIRO Livestock Industries, 157
Victoria, Australia). Primer sets of 18S forward 158 (5'-GGCTACCACATCCAAGGAA-3') and 18S reverse 159
(5'-GCTGGAATTACCGCGGCT-3') were used in this study, and the procedure 160 was carried out as described previously (Corbeil et al., 2010) . Herpesvirales order illustrated that the abalone herpesvirus forms a 185 polyphyletic group (Fig. 1) . Moreover, abalone herpesvirus from Australia, a 186 abalone herpesvirus from Taiwan, and OsHV-1 clustered in the same 187 subgroup based on the DNA polymerase sequence data. virus DNA, or OsHV-1 DNA served as irrelevant controls (Fig. 2) . Haemocytes were also observed surrounding the neurilemma (Fig. 3a, b) . were hexagonal, 90~100 nm in diameter, and had a single coat (Fig. 4) . AbHV isolate from Taiwan showed some sequence homology with OsHV-1, 247 neither virus is similar enough to be detected using existing primers targeting 248
OsHV-1. Indeed, the primer pairs (C1/C6, C1/C4, C2/C4, C2/C6, C5/C13, 249 C9/C10, A3/A4, A5/A6, B1/B2, B3/B2, B3/B4, Gp1/ Gp2, Gp1/Gp4, Gp1/Gp10, 250
Gp3/Gp4, Gp7/ Gp8, Gp9/Gp10, Gp10/Gp15, IA1/1A2, IA3/IA6) (Arzul et al., 251 2001a (Arzul et al., 251 , b, 2002 Renault and Arzul, 2001; Renault, pers. comm.) The study was supported by a grant from the Council of Agriculture, Taiwan. 296 297
